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solvent for the modacrylic copolymer such that the 
modacrylic copolymer solution is solidified . 
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POROUS MEMBRANE FOR WATER for components to be filtered out and particularly has good 
TREATMENT USE antifouling properties , and a method for producing the 

porous membrane . 
This application is a CON of PCT / JP2018 / 020565 , filed One or more embodiments of the present invention relate 

May 29 , 2018 . 5 to a porous membrane including a modacrylic copolymer . 
The modacrylic copolymer contains 15 parts by mass or 

TECHNICAL FIELD more and 85 parts by mass or less of a structural unit derived 
from acrylonitrile , 15 parts by mass or more and 85 parts by 

One or more embodiments of the present invention relate mass or less of a structural unit derived from at least one 
to a porous membrane that can be used for water treatment 10 halogen - containing monomer selected from the group con 
and a method for producing the porous membrane . Specifi sisting of vinyl halide and vinylidene halide , and 0 parts by 
cally , one or more embodiments of the present invention mass or more and 10 parts by mass or less of a structural unit 
relate to a porous membrane with excellent antifouling derived from a vinyl monomer having an ionic substituent 
properties and a method for producing the porous mem with respect to 100 parts by mass of all structural units 
brane . 15 constituting the modacrylic copolymer . 

It may be preferable that the modacrylic copolymer 
BACKGROUND contains more than 50 parts by mass and 70 parts by mass 

or less of a structural unit derived from acrylonitrile and 30 
Many water treatment methods for removing impurities parts by mass or more and less than 50 parts by mass of a 

contained in , e.g. , river water and industrial water have been 20 structural unit derived from at least one halogen - containing 
developed . One of the methods is a membrane filtration monomer selected from the group consisting of vinyl halide 
method . The membrane filtration method is used in many and vinylidene halide with respect to 100 parts by mass of 
fields such as cartridges for water purifiers and membrane all structural units constituting the modacrylic copolymer . 
units for waste water treatment . A wide variety of filter It may be preferable that the modacrylic copolymer 
media , including ceramics , inorganic materials , and poly- 25 contains 15 parts by mass or more and 84.5 parts by mass or 
mers , have been developed for use in the membrane filtra less of a structural unit derived from acrylonitrile , parts by 
tion method . In particular , a polymeric porous membrane mass or more and 84.5 parts by mass or less of a structural 
has the following features : the membrane with a stable unit derived from at least one halogen - containing monomer 
quality can be continuously produced in large quantities ; and selected from the group consisting of vinyl halide and 
the pore size of the membrane can be relatively freely 30 vinylidene halide , and 0.5 parts by mass or more and 5 parts 
controlled by adjusting the membrane formation conditions . by mass or less of a structural unit derived from a vinyl 

The polymeric porous membrane is required to improve monomer having an ionic substituent with respect to 100 
properties such as membrane strength , a water permeation parts by mass of all structural units constituting the 
rate , a rejection rate for components to be filtered out , and modacrylic copolymer . 
antifouling properties . A number of technologies have been 35 The ionic substituent in the vinyl monomer having an 
developed so far to improve these properties . For example , ionic substituent may be a strong electrolysis type anionic 
Patent Document 1 discloses a method for producing a substituent . The ionic substituent in the vinyl monomer 
polymer membrane for water treatment that is composed of having an ionic substituent may be preferably a sulfonic acid 
a vinyl chloride copolymer containing a vinyl chloride group . 
monomer and a hydrophilic monomer as structural units . 40 The halogen - containing monomer may be preferably at 
Patent Document 2 discloses a technology that relates to a least one selected from the group consisting of vinyl chlo 
polyvinylidene fluoride porous membrane . ride and vinylidene chloride . 

The porous membrane may have any one shape selected 
PATENT DOCUMENTS from the group consisting of a hollow fiber shape , a flat 

45 membrane shape , a spiral shape , a pleated shape , and a 
Patent Document 1 : WO 2011/108580 tubular shape . 
Patent Document 2 : JP 2007-283287 A One or more embodiments of the present invention relate 

In Patent Document 1 , a polymer membrane for water to a method for producing the porous membrane . The 
treatment having the above properties can be produced when method includes the following : preparing a modacrylic 
the polymer membrane particularly includes a vinyl alcohol 50 copolymer solution by dissolving a modacrylic copolymer 
structure as a hydrophilic monomer . The polyvinylidene in a good solvent ; and bringing the modacrylic copolymer 
fluoride porous membrane of Patent Document 2 is excellent solution into contact with a non - solvent for the modacrylic 
because of its good chemical resistance and high strength . copolymer so that the modacrylic copolymer solution is 
However , the polyvinylidene fluoride porous membrane has solidified to form a porous membrane . The modacrylic 
relatively low fouling resistance , since the raw materials 55 copolymer contains 15 parts by mass or more and 85 parts 
themselves are highly hydrophobic . In particular , the by mass or less of a structural unit derived from acryloni 
improvement in the antifouling properties of a porous mem- trile , 15 parts by mass or more and 85 parts by mass or less 
brane increases the water permeation rate and reduces the of a structural unit derived from at least one halogen 
maintenance frequency during the actual use , which directly containing monomer selected from the group consisting of 
leads to a reduction in running costs . Therefore , a further 60 vinyl halide and vinylidene halide , and O parts by mass or 
improvement in the antifouling properties is always desired . more and 10 parts by mass or less of a structural unit derived 

from a vinyl monomer having an ionic substituent with 
SUMMARY respect to 100 parts by mass of all structural units consti 

tuting the modacrylic copolymer . 
One or more embodiments of the present invention pro- 65 One or more embodiments of the present invention can 

vide a porous membrane that has practically sufficient provide a porous membrane that has practically sufficient 
membrane strength , water permeation rate , and rejection rate membrane strength , water permeation rate , and rejection rate 

a 
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for components to be filtered out and particularly has good from the group consisting of vinyl halide and vinylidene 
antifouling properties . Moreover , the production method in halide , and a vinyl monomer having an ionic substituent . 
one or more embodiments of the present invention can easily Unless otherwise noted in the present specification , the 
produce a porous membrane that has practically sufficient halogen - containing monomer means at least one halogen 
membrane strength , water permeation rate , and rejection rate 5 containing monomer selected from the group consisting of 
for components to be filtered out and particularly has good vinyl halide and vinylidene halide . 
antifouling properties . In one or more embodiments of the present invention , the 

modacrylic copolymer contains 15 parts by mass or more 
DETAILED DESCRIPTION OF THE and 85 parts by mass or less of a structural unit derived from 

EMBODIMENTS 10 acrylonitrile , 15 parts by mass or more and 85 parts by mass 
or less of a structural unit derived from the halogen - con 

The present inventors conducted intensive studies to taining monomer , and ( parts by mass or more and 10 parts 
improve the antifouling properties of a polymeric porous by mass or less of a structural unit derived from a vinyl 
membrane while ensuring the membrane strength , the water monomer having an ionic substituent with respect to 100 
permeation rate , and the rejection rate for components to be 15 parts by mass of all structural units constituting the 
filtered out . Consequently the present inventors found that modacrylic copolymer . It may be preferable that the 
when a porous membrane included a modacrylic copolymer modacrylic copolymer contains 30 parts by mass or more 
containing a structural unit derived from acrylonitrile and a and 70 parts by mass or less of a structural unit derived from 
structural unit derived from at least one halogen - containing acrylonitrile , 30 parts by mass or more and 70 parts by mass 
monomer selected from the group consisting of vinyl halide 20 or less of a structural unit derived from the halogen - con 
and vinylidene halide , the porous membrane had practically taining monomer , and 0 parts by mass or more and 10 parts 
sufficient membrane strength , water permeation rate , and by mass or less of a structural unit derived from a vinyl 
rejection rate for components to be filtered out and particu- monomer having an ionic substituent with respect to 100 
larly had good antifouling properties . Based on these find- parts by mass of all structural units constituting the 
ings , the present inventors have reached the present inven- 25 modacrylic copolymer . It may be more preferable that the 
tion . In particular , the present inventors found out that the modacrylic copolymer contains more than 50 parts by mass 
antifouling properties of the porous membrane was further and 70 parts by mass or less of a structural unit derived from 
improved by using a modacrylic copolymer containing a acrylonitrile , 30 parts by mass or more and less than 50 parts 
predetermined amount of a structural unit derived from a by mass of a structural unit derived from the halogen 
vinyl monomer having an ionic substituent in addition to the 30 containing monomer , and 0 parts by mass or more and 10 
structural unit derived from acrylonitrile and the structural parts by mass or less of a structural unit derived from a vinyl 
unit derived from at least one halogen - containing monomer monomer having an ionic substituent with respect to 100 
selected from the group consisting of vinyl halide and parts by mass of all structural units constituting the 
vinylidene halide . modacrylic copolymer . It may be further preferable that the 

Hereinafter , one or more embodiments of the present 35 modacrylic copolymer contains 50.5 parts by mass or more 
invention will be described in detail . The present invention and 60 parts by mass or less of a structural unit derived from 
is not limited to the following embodiments . acrylonitrile , 40 parts by mass or more and 49.5 parts by 

In one or more embodiments of the present invention , the mass or less of a structural unit derived from the halogen 
term “ porous membrane ” means a membrane having many containing monomer , and 0 parts by mass or more and parts 
micropores in it , where the micropores are connected to each 40 by mass or less of a structural unit derived from a vinyl 
other . This structure allows a gas or liquid to pass from one monomer having an ionic substituent with respect to 100 
side to the other side of the membrane . In one or more parts by mass of all structural units constituting the 
embodiments of the present invention , the internal structure modacrylic copolymer . When the contents of the structural 
of the porous membrane can be confirmed by observing the unit derived from acrylonitrile and the structural unit derived 
cross section of the porous membrane with a scanning 45 from the halogen - containing monomer are within the above 
electron microscope . ranges , the porous membrane can have excellent chemical 

In one or more embodiments of the present invention , the resistance and antifouling properties . 
porous membrane includes a modacrylic copolymer con- In one or more embodiments of the present invention , 
taining a structural unit derived from acrylonitrile and a from the viewpoint of further improving the antifouling 
structural unit derived from at least one halogen - containing 50 properties , it may be preferable that the porous membrane 
monomer selected from the group consisting of vinyl halide includes a modacrylic copolymer containing a structural unit 
and vinylidene halide . Thus , in one or more embodiments of derived from acrylonitrile , a structural unit derived from the 
the present invention , the porous membrane includes the halogen - containing monomer , and a structural unit derived 
modacrylic copolymer that is obtained by copolymerization from a vinyl monomer having an ionic substituent . Thus , in 
of acrylonitrile and a halogen - containing monomer selected 55 one or more embodiments of the present invention , the 
from the group consisting of vinyl halide and vinylidene porous membrane may preferably include the modacrylic 
halide . In one or more embodiments of the present inven- copolymer that is obtained by copolymerization of acryloni 
tion , it may be preferable that the porous membrane includes trile , the halogen - containing monomer , and a vinyl mono 
a modacrylic copolymer containing a structural unit derived mer having an ionic substituent . 
from acrylonitrile , a structural unit derived from at least one 60 In one or more embodiments of the present invention , it 
halogen - containing monomer selected from the group con- may be preferable that the modacrylic copolymer contains 
sisting of vinyl halide and vinylidene halide , and a structural 15 parts by mass or more and 84.5 parts by mass or less of 
unit derived from a vinyl monomer having an ionic sub- a structural unit derived from acrylonitrile , 15 parts by mass 
stituent . Thus , in one or more embodiments of the present or more and 84.5 parts by mass or less of a structural unit 
invention , the porous membrane may preferably include the 65 derived from the halogen - containing monomer , and 0.5 parts 
modacrylic copolymer that is obtained by copolymerization by mass or more and 5 parts by mass or less of a structural 
of acrylonitrile , a halogen - containing monomer selected unit derived from a vinyl monomer having an ionic sub 

a 
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stituent with respect to 100 parts by mass of all structural substituent is not particularly limited and may be , e.g. , a 
units constituting the modacrylic copolymer . It may be more primary to tertiary amino group , a pyridyl group , or an imino 
preferable that the modacrylic copolymer contains 15 parts group . 
by mass or more and 84.5 parts by mass or less of a structural The vinyl monomer having the strong electrolysis type 
unit derived from acrylonitrile , 15 parts by mass or more and 5 anionic substituent is not particularly limited . Examples of 
84.5 parts by mass or less of a structural unit derived from this vinyl monomer include the following : allyl sulfonic 
the halogen - containing monomer , and 0.5 parts by mass or acid ; methallyl sulfonic acid ; 2 - acrylamide - 2 - methylpro 
more and 3 parts by mass or less of a vinyl monomer having pane sulfonic acid ; styrene sulfonic acid ; 2 - methyl - 1,3 , 
an ionic substituent with respect to 100 parts by mass of all butadiene - 1 - sulfonic acid ; and salts thereof . 
structural units constituting the modacrylic copolymer . It The vinyl monomer having the weak electrolysis type 

anionic substituent is not particularly limited . Examples of may be even more preferable that the modacrylic copolymer 
contains 30 parts by mass or more and 60 parts by mass or this vinyl monomer include the following : vinyl monomers 

containing a carboxylic acid group such as acrylic acid , less of a structural unit derived from acrylonitrile , 30 parts methacrylic acid , maleic acid , and itaconic acid ; vinyl by mass or more and 69.5 parts by mass or less of a structural 15 monomers containing a phosphoric acid group such as vinyl unit derived from the halogen - containing monomer , and 0.5 phosphonic acid and ( methacryloyloxyalkyl ( having 1 to 4 
parts by mass or more and 5 parts by mass or less of a carbon atoms ) phosphoric acid ; and salts thereof . 
structural unit derived from a vinyl monomer having an In the vinyl monomer having the strong electrolysis type 
ionic substituent with respect to 100 parts by mass of all anionic substituent and the vinyl monomer having the weak 
structural units constituting the modacrylic copolymer . It 20 electrolysis type anionic substituent , when the anionic sub 
may be still more preferable that the modacrylic copolymer stituents are present as salts , they may be neutralized com 
contains 50.5 parts by mass or more and 69.5 parts by mass pletely or may be neutralized to any degree of neutralization . 
or less of a structural unit derived from acrylonitrile , 30 parts Examples of counter ions in these salts include the follow 
by mass or more and 49 parts by mass or less of a structural ing : ammonium ions ; monoalkylammonium ions ; dialky 
unit derived from the halogen - containing monomer , and 0.5 25 lammonium ions ; trialkylammonium ions ; hydroxyalkylam 
parts by mass or more and 5 parts by mass or less of a monium ions ; alkali metal ions ; and alkaline earth metal 
structural unit derived from a vinyl monomer having an ions . In the monoalkylammonium ions , the dialkylammo 
ionic substituent with respect to 100 parts by mass of all nium ions , the trialkylammonium ions , and the hydroxyal 
structural units constituting the modacrylic copolymer . It kylammonium ions , the carbon number of the alkyl group is 
may be further preferable that the modacrylic copolymer 30 not particularly limited and may be , e.g. , 1 to 6. Examples 
contains 50.5 parts by mass or more and 69.5 parts by mass of the alkyl group include a methyl group and an ethyl 
or less of a structural unit derived from acrylonitrile , 30 parts group . The trialkylammonium ions are not particularly lim 

ited and may include , e.g. , trimethylammonium ions and by mass or more and 49 parts by mass or less of a structural triethylammonium ions . 
unit derived from the halogen - containing monomer , and 0.5 The vinyl monomer having the strong electrolysis type parts by mass or more and 3 parts by mass or less of a cationic substituent is not particularly limited . Examples of structural unit derived from a vinyl monomer having an this vinyl monomer include the following : vinyl compounds 
ionic substituent with respect to 100 parts by mass of all having an ammonium group such as trimethylvinylammo 
structural units constituting the modacrylic copolymer . If the nium and salts thereof and diallyl quaternary ammonium 
content of the vinyl monomer having an ionic substituent is 40 such as dimethyldiallylammonium chloride and diethyldial 
excessively high , the electrostatic interaction with the fou lylammonium chloride and salts thereof . 
lant is increased , which in turn may reduce the antifouling The vinyl monomer having the weak electrolysis type 
properties . cationic substituent is not particularly limited . Examples of 
The halogen - containing monomer is not particularly lim- this vinyl monomer include the following : ( methacrylic 

ited . Examples of the halogen - containing monomer include 45 acid ester or ( meth ) acrylamide having a dialkylamino group 
vinyl chloride , vinylidene chloride , vinyl bromide , such as dimethylaminoethyl ( meth ) acrylate , diethylamino 
vinylidene bromide , vinyl iodide , and vinylidene iodide . ethyl ( meth ) acrylate , dipropylaminoethyl ( meth ) acrylate , 
These substances may be used individually or in combina- diisapropylaminoethyl ( methacrylate , dibutylaminoethyl 
tion of two or more . ( meth ) acrylate , diisobutylaminoethyl ( methacrylate , di - t 
The vinyl monomer having an ionic substituent is not 50 butylaminoethyl ( methacrylate , dimethylaminopropyl 

particularly limited and may be , e.g. , any of vinyl monomers ( meth ) acrylamide , diethylaminopropyl ( meth ) acrylamide , 
having various ionic substituents . The ionic substituents dipropylaminopropyl ( methacrylamide , diisopropylamino 
may be either anionic substituents or cationic substituents . propyl ( meth ) acrylamide , dibutylaminopropyl ( meth ) acryl 
The anionic substituents are not particularly limited and may amide , diisobutylaminopropyl ( methacrylamide , and di - t 
include , e.g. , a strong electrolysis type anionic substituent 55 butylaminopropyl ( meth ) acrylamide ; styrene having a 
and a weak electrolysis type anionic substituent . The strong dialkylamino group such as dimethylaminostyrene and dim 
electrolysis type anionic substituent is not particularly lim- ethylaminomethylstyrene ; vinylpyridine such as 2- or 4 - vi 
ited and may be , e.g. , a sulfonic acid group . The weak nylpyridine ; N - vinyl heterocyclic compounds such as N - vi 
electrolysis type anionic substituent is not particularly lim- nylimidazole ; and salts thereof . 
ited and may be , e.g. , a carboxylic acid group or a phos- 60 In the vinyl monomer having the strong electrolysis type 
phoric acid group . The cationic substituents are not particu- cationic substituent and the vinyl monomer having the weak 
larly limited and may include , e.g. , a strong electrolysis type electrolysis type cationic substituent , the cationic substitu 
cationic substituent and a weak electrolysis type cationic ents may be neutralized completely or may be neutralized to 
substituent . The strong electrolysis type cationic substituent any degree of neutralization . Examples of counter ions in 
is not particularly limited and may be , e.g. , any of onium 65 these salts include the following : halide ions such as chlo 
groups such as an ammonium group , a phosphonium group , ride ions and bromide ions ; halogen axoacid ions such as 
and a sulfonium group . The weak electrolysis type cationic hypochlorite ions and chlorite ions ; oxoacid ions such as 

35 
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borate ions , carbonate ions , nitrate ions , phosphate ions , The non - solvent used in the membrane formation does not 
sulfate ions , and chromate ions , and various complex ions . dissolve the modacrylic copolymer and is miscible with the 
The above vinyl monomers having the ionic substituents good solvent . For example , when dimethyl sulfoxide and 

may be used individually or in combination of two or more . dimethylformamide are used as good solvents , the non 
The modacrylic copolymer may be obtained by appropri- 5 solvent may be , e.g. , any of water , alcohols such as methanol 

ately copolymerizing one or more than one type of other and ethanol , and polar solvents such as acetonitrile . In one 
monomers with the above monomers as long as the effects or more embodiments , water may be suitably used in terms 
of one or more embodiments of the present invention are not of economic efficiency and safety . These non - solvents may 
impaired . The content of a structural unit derived from the be used individually or in combination of two or more . 
other monomers may be preferably 20 parts by mass or less , 10 Moreover , these non - solvents may be mixed with a good solvent capable of dissolving the modacrylic copolymer to and more preferably 10 parts by mass or less with respect to produce a mixed solvent . For example , a mixed solvent of 100 parts by mass of all structural units constituting the dimethyl sulfoxide and water can be used as the non - solvent . modacrylic copolymer . 

Although the modacrylic copolymer is not particularly 15 of the non - solvent , the smaller the pore size of the porous When a mixed solvent is used , in general , the lower the ratio 
limited , the weight - average molecular weight ( also referred membrane . Consequently it is possible to produce a porous 
to as the mass - average molecular weight ) of the modacrylic membrane that has a high rejection rate for substances to be 
copolymer measured by a GPC method may be preferably treated , while the water permeation performance is reduced . 
30000 to 150000 , and more preferably 50000 to 100000. If Thus , the concentration of the mixed solvent may be appro 
the molecular weight is too low , the strength of the porous 20 priately selected in accordance with the desired physical 
membrane obtained may be reduced . If the molecular weight properties of the porous membrane . 
is too high , the viscosity becomes excessively high during Although the porous membrane is not particularly limited , 
the membrane formation , and processing may be difficult . e.g. , the thickness of the porous membrane may be prefer 

In one or more embodiments of the present invention , the ably 0.01 to 1 mm , and more preferably 0.05 to 0.5 mm . If 
porous membrane is obtained by processing the modacrylic 25 the thickness is too small the porous membrane may have 
copolymer with any method . The membrane forming defects such as cracks , and thus the filtration performance 
method may be , e.g. , a thermally induced phase separation may be reduced . If the thickness is too large , the water 
method , a non - solvent induced phase separation method , or permeation performance may be reduced . 
a drawing method . In one or more embodiments , the non- The shape of the porous membrane is not limited . For 
solvent induced phase separation method may be preferred 30 example , the porous membrane may have any shape such as 
in terms of a simple production process and low cost . a hollow fiber shape , a flat membrane shape , a spiral shape , 

In one or more embodiments of the present invention , a pleated shape , or a tubular shape in accordance with the 
when the porous membrane is formed by the non - solvent specific use and purpose . In one or more embodiments , the 
induced phase separation method , the modacrylic copolymer hollow fiber shape may be preferred because it facilitates the 
is dissolved in a good solvent , and then the resulting solution 35 production of the porous membrane , reduces the cost , and 
is brought into contact with a non - solvent so that the solution allows the porous membrane to be used at low pressure . 
is solidified to form a porous membrane . Although the porous membrane is not particularly limited , 

The good solvent is not particularly limited as long as it e.g. , the membrane strength of the porous membrane in the 
can dissolve the modacrylic copolymer . Examples of the wet state may be preferably 0.8 MPa or more , more pref 
good solvent include the following : ketones such as acetone , 40 erably 1.0 MPa or more , and further preferably 1.5 MPa or 
methyl ethyl ketone , and diethyl ketone ; sulfoxides such as more . When the membrane strength of the porous membrane 
dimethyl sulfoxide ; dimethylformamide ; and dimethylacet- in the wet state is within the above range , the porous 
amide . membrane can have good strength for water treatment . 

The concentration of the modacrylic copolymer solution In one or more embodiments of the present invention , the 
is not limited and may be appropriately selected in accor- 45 membrane strength of the porous membrane in the wet state 
dance with e.g. , the target pore size and water permeation is determined in the following manner . Using an autograph 
performance of the porous membrane . The concentration of ( model number : AGS - J , manufactured by Shimadzu Corpo 
the modacrylic copolymer solution may be preferably 5 to ration ) , a porous membrane in the wet state is pulled at a rate 
30 % by mass , and more preferably 10 to 20 % by mass . If the of 0.5 mm / min , and the tensile strength of the porous 
concentration is too low , the processability cannot be main- 50 membrane is measured when fracture occurs . 
tained during the membrane formation , and the strength of Although the porous membrane is not particularly limited , 
the porous membrane obtained may be insufficient . If the e.g. , the flux recovery rate of the porous membrane may be 
concentration is too high , the viscosity of the solution preferably 85 % or more , more preferably 90 % or more , and 
becomes excessively high , and processing may be difficult . further preferably 95 % or more . When the flux recovery rate 

In the preparation of the modacrylic copolymer solution , 55 is within the above range , the antifouling properties are 
various film forming aids such as a pore opening agent , a improved . This means that the antifouling properties are 
lubricant , and a stabilizer may be used in combination with improved as the flux recovery rate becomes higher . 
the good solvent . Examples of the pore opening agent In one or more embodiments of the present invention , the 
include watersoluble polymers such as polyethylene glycol flux recovery rate is determined in the following manner . 
and polyvinyl pyrrolidone . These watersoluble polymers 60 First an aqueous solution of 1000 ppm sodium humate is 
may have any molecular weight in accordance with the allowed to pass through the porous membrane at an initial 
target pore size and water permeation performance of the flux J , of 200 L / ( m².h ) for 1 hour . Then , a flux J2 ( L / ( m² · h ) ) 
porous membrane . For example , polyethylene glycol with a of the aqueous solution after backwashing is measured . The 
degree of polymerization of about 100 to 5000 may be flux recovery rate is calculated based on the following 
suitably used . As far as the membrane can be formed , the 65 formula : 
amount of the film forming aids to be added may be adjusted 
as desired in accordance with the target physical properties . Flux recovery rate ( % ) = J2 / J1x100 . 
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Although the porous membrane is not particularly limited , In one or more embodiments of the present invention , the 
e.g. , the rejection rate for humic acid may be preferably 80 % retention of contact angle is determined in the following 
or more , more preferably 85 % or more , and further prefer- manner . First , the porous membrane is immersed in an 
ably 90 % or more . The higher the rejection rate , the higher aqueous solution of sodium hypochlorite ( 690 ppm , pH 11 ) 
the quality of water obtained . 5 for a predetermined period of time . Then , the porous mem 

In one or more embodiments of the present invention , the brane is sufficiently washed with ultrapure water and dried . 
rejection rate for humic acid is calculated based on the Subsequently , the contact angle of the dried membrane is 
following formula : measured by a contact angle measuring device ( Drop Master 

300 , manufactured by Kyowa Interface Science Co. , Ltd. ) Rejection rate for humic acid ( % ) = 100 - C2 / C x100 , 10 Specifically first , the membrane is cut into an appropriate 
where C , represents the initial concentration of the humic size and immersed in a glass cell filled with ultrapure water . 

acid in the aqueous solution of 1000 ppm sodium humate Then , 5 uL of air bubbles are made with a J - shaped injection 
used in the measurement of the flux recovery rate , and C2 needle , and the air bubbles are placed on the surface of the 
represents the concentration of the humic acid in the treated membrane from the lower side . The angle formed between 
water that has passed through the porous membrane . 15 the membrane / water interface and the water air interface is 

Although the porous membrane is not particularly limited , defined as the contact angle . To eliminate an error , the same 
e.g. , the water permeation performance of the porous mem- measurement is repeatedly performed at 10 randomly 
brane may be preferably 10 to 1000 L / ( m² · atm h ) , and more selected points on the membrane , and the average value is 
preferably 50 to 500 L / ( m² · atm · h ) . When the water perme- obtained as the contact angle . The retention of contact angle 
ation performance is within the above range , the porous 20 is calculated based on the following formula : 
membrane can be suitably used for water treatment . 

In one or more embodiments of the present invention , the Retention of contact angle ( % ) = 42 / A1x100 , 
water permeation performance is determined in the follow where A , represents the contact angle of the porous mem 
ing manner . Using a cross - flow module for a flat membrane brane before the immersion in the aqueous solution of 
with an effective area of 23 cm² , ultrapure water is allowed 25 sodium hypochlorite , and A , represents the contact angle of 
to flow with a water pressure of 0.1 MPa ( 1 atm ) . The water the porous membrane after the immersion in the aqueous permeation performance is calculated based on the follow solution of sodium hypochlorite . ing formula : The porous membrane can be suitably used for water 

Water permeation performance ( L / ( m2.atm.h ) ) = treatment that removes impurities contained in , e.g. , river 
VI ( AxPxAt ) , water and industrial water . For example , the porous mem 

brane can be used as a filter medium , e.g. , in a cartridge for where V ( L ) represents the volume of ultrapure water that has a water purifier or a membrane unit for waste water treat passed through the membrane , A ( m² ) represents the effec ment . tive area of the membrane , P ( atm ) represents the water 
pressure , and At ( h ) represents the measurement time . EXAMPLES 

Although the porous membrane is not particularly limited , 
from the viewpoint of improving the chemical resistance , Hereinafter , one or more embodiments of the present e.g. , the retention of flux recovery rate may be preferably invention will be described in detail based on examples . 90 % or more even after the porous membrane is treated with However , the present invention is not limited only to the sodium hypochlorite for 24 hours or more . Further , the 40 following examples . 
retention of flux recovery rate may be more preferably 90 % 
or more even after the porous membrane is treated with Example 1 
sodium hypochlorite for 1 week . 

In one or more embodiments of the present invention , the A modacrylic copolymer consisting of 49.0 parts by mass 
retention of flux recovery rate is determined in the following 45 of a structural unit derived from a vinyl chloride monomer 
manner . First , the porous membrane is immersed in an and 51.0 parts by mass of a structural unit derived from aqueous solution of sodium hypochlorite ( 690 ppm , pH 11 ) acrylonitrile was produced by an emulsion polymerization 
for a predetermined period of time . Then , the porous mem- method . Next , 15 g of the modacrylic copolymer and 40 g 
brane is sufficiently washed with ultrapure water and dried . of polyethylene glycol 200 as a pore opening agent were 
Subsequently , the flux recovery rate of the dried membrane 50 dissolved in 45 g of dimethyl sulfoxide to form a modacrylic 
is measured by the above method . The retention of flux copolymer solution . The modacrylic copolymer solution 
recovery rate is calculated based on the following formula : was applied to a glass plate with a film applicator and then 

brought into contact with a 60 % by mass dimethyl sulfoxide Retention of flux recovery rate ( % ) = R_R1x100 , aqueous solution to provide a porous membrane ( with a 
where R? represents the flux recovery rate of the porous 55 thickness of 124 um ) . 

membrane before the immersion in the aqueous solution of 
sodium hypochlorite , and R2 represents the flux recovery Example 2 
rate of the porous membrane after the immersion in the 
aqueous solution of sodium hypochlorite . A modacrylic copolymer consisting of 49.0 parts by mass 

Although the porous membrane is not particularly limited , 60 of a structural unit derived from a vinyl chloride monomer , 
from the viewpoint of improving the chemical resistance , 50.5 parts by mass of a structural unit derived from acry 
e.g. , the retention of contact angle may be preferably 95 % or lonitrile , and 0.5 parts by mass of a structural unit derived 
more even after the porous membrane is treated with sodium from sodium styrenesulfonate was produced by an emulsion 
hypochlorite for 24 hours or more . Further , the retention of polymerization method . Next , 15 g of the modacrylic copo g 
contact angle may be more preferably 95 % or more even 65 lymer and 40 g of polyethylene glycol 200 as a pore opening 
after the porous membrane is treated with sodium hypochlo- agent were dissolved in 45 g of dimethyl sulfoxide to form 
rite for 1 week . a modacrylic copolymer solution . The modacrylic copoly 
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mer solution was applied to a glass plate with a film The membrane strength in the wet state , the molecular 
applicator and then brought into contact with a 60 % by mass weight cut - off the water permeation performance , the flux 
dimethyl sulfoxide aqueous solution to provide a porous recovery rate , and the rejection rate for each of the porous 
membrane ( with a thickness of 119 um ) . membranes in Examples 1 to 3 and Comparative Examples 

5 1 to 2 were evaluated in the following manner . Table 1 
Example 3 shows the results of the evaluation . 

( Membrane Strength in Wet State ) 
A modacrylic copolymer consisting of 47.0 parts by mass Using an autograph ( model number : AGS - J , manufac 

of a structural unit derived from a vinyl chloride monomer , tured by Shimadzu Corporation ) , the porous membrane in 
51.0 parts by mass of a structural unit derived from acry- 10 the wet state was pulled at a rate of 0.5 mm / min , and the 
lonitrile , and 2.0 parts by mass of a structural unit derived tensile strength of the porous membrane was measured when 
from sodium styrenesulfonate was produced by an emulsion fracture occurred . This tensile strength was used as the 
polymerization method . Next , 13 g of the modacrylic copo membrane strength in the wet state . 
lymer and 41 g of polyethylene glycol 200 as a pore opening ( Molecular Weight Cut - Off ) 
agent were dissolved in 46 g of dimethyl sulfoxide to form The molecular weight cut - off was a molecular weight at g 
a modacrylic copolymer solution . The modacrylic copoly which the rejection rate determined by the following method 
mer solution was applied to a glass plate with a film was 90 % or more . The rejection rate was measured using a 
applicator and then brought into contact with a 60 % by mass cross - flow module for a flat membrane with an effective area 
dimethyl sulfoxide aqueous solution to provide a porous of 8.04 cm² . Polyethylene glycol with a weight average 
membrane ( with a thickness of 114 um ) . 20 molecular weight of 8000 ( MP Biochemicals ) , polyethylene 

glycol with a weight average molecular weight of 20000 
Comparative Example 1 ( manufactured by Sigma - Aldrich ) , and polyethylene oxide 

with different weight average molecular weights of 100000 , 
First , 15 g of polyacrylonitrile ( homopolymer of acry 200000 , 400000 , and 1000000 ( manufactured by Sigma 

lonitrile manufactured by Sigma - Aldrich , weight average 25 Aldrich ) were used as indicator molecules . A solution was 
molecular weight : 150000 ) was dissolved in 85 g of dim prepared by dissolving each indicator molecule at a concen 
ethyl sulfoxide to form a polyacrylonitrile solution . The tration of 200 ppm in ion exchanged water . This solution was 
polyacrylonitrile solution was applied to a glass plate with a allowed to flow at a flow rate of 150 ml / min with a water 
film applicator and then brought into contact with a 60 % by pressure of 0.1 MPa . Based on the concentration of the 
mass dimethyl sulfoxide aqueous solution to provide a 30 indicator molecules before and after the filtration with the 
porous membrane ( with a thickness of 163 um ) . porous membrane , the rejection rate was determined by the 

following formula : 
Comparative Example 2 Rejection rate ( % ) = ( 1 - C / C ) x100 , 

First , 15 g of polyvinyl chloride ( homopolymer of vinyl 35 where Cy represents the concentration of the indicator 
chloride monomer , weight average molecular weight : molecules after the filtration , and Cf represents the concen 

tration of the indicator molecules before the filtration . 55000 ) and 10 g of polyethylene glycol 200 as a pore 
opening agent were dissolved in 75 g of tetrahydrofuran to ( Water Permeation Performance ) 
form a polyvinyl chloride solution . The polyvinyl chloride Using a cross - flow module for a flat membrane with an 
solution was applied to a glass plate with a film applicator effective area of 23 cm ?, ultrapure water was allowed to flow 
and then brought into contact with a 60 % by mass tetrahy with a water pressure of 0.1 MPa ( 1 atm ) . The water 
drofuran aqueous solution to provide a porous membrane permeation performance was calculated based on the fol 
( with a thickness of 85 um ) . lowing formula : 

permeation performance ( L / ( m².atm.h ) ) = 
Comparative Example 3 VI ( AxPxAt ) , 

where V ( I ) represents the volume of ultrapure water that First , 3.9 g of polyacrylonitrile which was the same as that had passed through the membrane , A ( m² ) represents the used in Comparative Example 1 and 0.4 g of Pluronic F - 127 effective area of the membrane , P ( atm ) represents the water ( manufactured by Cosmo Bio Co. , Ltd. ) as a hydrophilic pressure , and At ( h ) represents the measurement time . polymer were dissolved in 25.7 g of dimethylacetamide . The 50 ( Flux Recovery Rate ) 
polymer solution thus obtained was cast on a nonwoven An aqueous solution of 1000 ppm sodium humate ( manu fabric with a film applicator . Then , the nonwoven fabric was factured by Sigma - Aldrich , guaranteed reagent ) was immersed in a coagulation tank ( ion exchanged water at allowed to pass through the porous membrane at an initial about 20 ° C. ) to provide a porous membrane ( with a flux J , of 200 L / ( m².h ) for 1 hour . Then , a flux J2 ( L / ( m²h ) ) thickness of 200 um ) . of the aqueous solution after backwashing was measured . 

The flux recovery rate was calculated based on the following Comparative Example 4 formula : 

a 

40 

Water 
45 

55 

Flux recovery rate ( % ) = J2 / J1x100 . 
( Rejection Rate ) 
The rejection rate was calculated based on the following 

formula : 

First , 3.9 g of polyvinyl chloride which was the same as 
that used in Comparative Example 2 and 0.4 g of methacry- 60 g 
loyloxyethylphosphorylcholine - co - poly ( propylene glycol ) 
methacrylate were dissolved in 25.7 g of dimethylacetamide . 
The polymer solution thus obtained was cast on a nonwoven 
fabric with a film applicator . Then , the nonwoven fabric was 
immersed in a coagulation tank ( ion exchanged water at 65 
about 20 ° C. ) to provide a porous membrane ( with a 
thickness of 200 um ) . 

Rejection rate ( % ) = 100- ( C / C1x100 ) , 
where C , represents the initial concentration of the humic 

acid in the aqueous solution of 1000 ppm sodium humate 
used in the measurement of the flux recovery rate , and C2 
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represents the concentration of the humic acid in the treated measured by a contact angle measuring device ( Drop Master 
water that had passed through the porous membrane . 300 , manufactured by Kyowa Interface Science Co. , Ltd. ) 

TABLE 1 

Membrane 
strength in wet 

state ( MPa ) 

Molecular Water permeation 
weight performance 

cut - off ( kDa ) ( L / ( m’atm · h ) ) 

Flux 
recovery 
rate ( % ) 

Rejection 
rate ( % ) 

56 
96 

Example 1 
Example 2 
Example 3 
Comparative 
Example 1 
Comparative 
Example 2 

1.36 
1.52 
0.95 
2.10 

250 
300 
350 
380 

113 
114 
110 
110 

91 
90 
99 
75 

97 
97 

4.96 440 143 85 50 

15 

20 

As can be seen from the data in Table 1 , the porous 
membranes including the modacrylic copolymer resin in 
Examples had a higher flux recovery rate than the porous 
membrane including polyacrylonitrile in Comparative 
Example 1 and the porous membrane including polyvinyl 
chloride in Comparative Example 2 , and thus were superior 
in antifouling properties . The porous membranes including 
the modacrylic copolymer resin in Examples also had prac 
tically sufficient membrane strength and water permeation 
rate . 

The retention of flux recovery rate of the porous mem 
brane in Example 2 was evaluated in the following manner 
in order to evaluate the chemical resistance of the porous 
membrane to sodium hypochlorite . Table 2 shows the results 
of the evaluation . 

( Retention of Flux Recovery Rate ) 
The porous membrane was immersed in an aqueous 

solution of sodium hypochlorite ( 690 ppm , pH 11 ) for a 
predetermined period of time . Then , the porous membrane 
was sufficiently washed with ultrapure water and dried . 
Subsequently the flux recovery rate of the dried membrane 
was measured by the above method . The retention of flux 
recovery rate was calculated based on the following for 
mula : 

Specifically first , the membrane was cut into an appropriate 
size and immersed in a glass cell filled with ultrapure water . 
Then , 5 uL of air bubbles were made with a J - shaped 
injection needle , and the air bubbles were placed on the 
surface of the membrane from the lower side . The angle 
formed between the membrane / water interface and the 
water / air interface was defined as the contact angle . To 
eliminate an error , the same measurement was repeatedly 
performed at 10 randomly selected points on the membrane , 
and the average value was obtained as the contact angle . The 
retention of contact angle was calculated based on the 
following formula : 

25 

30 Retention of contact angle ( % ) = A2 / A1x100 , 
where A , represents the contact angle of the porous mem 
brane before the immersion in the aqueous solution of 
sodium hypochlorite , and A2 represents the contact angle of 
the porous membrane after the immersion in the aqueous 

35 solution of sodium hypochlorite . 

TABLE 3 

Contact angle 
Retention of 

contact angle ( % ) 40 

Before 
immersion 

24 
hours 24 hours 7 days 7 days 

1 

Retention of flux recovery rate ( % ) = R_R1x100 , 

where Ri rep ents the flux recovery rate of the porous Example 2 membrane before the immersion in the aqueous solution of Comparative sodium hypochlorite , and R , represents the flux recovery 45 Example 3 
rate of the porous membrane after the immersion in the Comparative 
aqueous solution of sodium hypochlorite . Example 4 

143 
140 

143 
127 

147 
unmeasured 

100 
90.7 

102.8 
unmeasured 

135 133 127 98.5 94.1 

6 hours 24 hours 

100 98.9 98.9 

TABLE 2 As can be seen from the results in Table 2 , the porous 
50 membrane in Example 2 maintained a high retention of flux Retention of flux recovery rate ( % ) recovery rate of 98.9 % even after it was treated with sodium 

7 days hypochlorite for 7 days . Moreover , as can be seen from the 
results in Table 3 , the contact angle of the porous membrane Example 2 in Example 2 was not reduced even after it was treated with 

55 sodium hypochlorite for 7 days , while the contact angle of 
The contact angle of the porous membrane in Example 2 each of the porous membranes in Comparative Examples 3 

was evaluated in the following manner . Then , the porous and 4 was reduced due to the treatment with sodium hypo 
membrane in Example 2 was compared with the hydro- chlorite . These results confirmed that the porous membranes 
philized PAN membrane in Comparative Example 3 and the in Examples had high chemical resistance to sodium hypo 
hydrophilized PVC membrane in Comparative Example 4. 60 chlorite . 
Table 3 shows the results of the evaluation . The porous membrane in one or more embodiments of the 

( Contact Angle ) present invention can be suitably used for water treatment 
The porous membrane was immersed in an aqueous that removes impurities contained in , e.g. , river water and 

solution of sodium hypochlorite ( 690 ppm , pH 11 ) for a industrial water . 
predetermined period of time . Then , the porous membrane 65 Although the disclosure has been described with respect 
was sufficiently washed with ultrapure water and dried . to only a limited number of embodiments , those skilled in 
Subsequently the contact angle of the dried membrane was the art , having benefit of this disclosure , will appreciate that 
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various other embodiments may be devised without depart- 0.5 to 5 parts by mass of a structural unit derived from a 
ing from the scope of the present invention . Accordingly , the vinyl monomer having an ionic substituent , wherein 
scope of the invention should be limited only by the attached a rejection rate of the porous membrane for humic acid is 
claims . at least 80 % , wherein the rejection rate is calculated as 
What is claimed is : follows : 
1. A porous membrane comprising a modacrylic copoly rejection rate for humic acid ( % ) = 100 - C2 / C1x100 , mer , wherein the modacrylic copolymer comprises , with 

respect to 100 parts by mass of all structural units consti- wherein C , represents the initial concentration of the 
tuting the modacrylic copolymer : humic acid in an aqueous solution of 1000 ppm sodium 

30 to 60 parts by mass of a structural unit derived from 10 humate used in the measurement of the flux recovery 
acrylonitrile ; rate , and C2 represents a concentration of the humic 

30 to 69.5 parts by mass of a structural unit derived from acid in treated water that has passed through the porous 
at least one halogen - containing monomer selected from membrane . 
the group consisting of vinyl halide and vinylidene 7. The porous membrane according to claim 1 , wherein 
halide ; and the ionic substituent in the vinyl monomer is at least one 

0.5 to 5 parts by mass of a structural unit derived from a selected from the group consisting of a phosphoric acid 
vinyl monomer having an ionic substituent , group , ammonium group , phosphonium group , sulfonium 

wherein group , pyridyl group , amino group , and imino group . 
a rejection rate of the porous membrane for humic acid is 8. The porous membrane according to claim 1 , wherein 

at least 80 % , wherein the rejection rate is calculated as 20 the modacrylic copolymer has a weight average molecular 
follows : weight of from 30,000 to 1,500,000 . 
Rejection rate for humic acid ( % ) = 100 - C2 / C1x100 , 9. The porous membrane according to claim 1 , 

wherein 
wherein C , represents the initial concentration of the a flux recovery rate of the porous membrane is at least 

humic acid in an aqueous solution of 1000 ppm sodium 85 % , wherein the flux recovery rate is determined as 
humate used in the measurement of the flux recovery follows : 
rate , and C2 represents a concentration of the humic an aqueous solution of 1000 ppm sodium humate is 
acid in treated water that has passed through the porous allowed to pass through the porous membrane at an 
membrane . initial flux J , of 200 L / m².h for 1 hour , 

2. The porous membrane according to claim 1 , wherein a flux J2 in L / m².h of the aqueous solution after back 
the ionic substituent in the vinyl monomer is an anionic washing is measured and the flux recovery rate is 
substituent . calculated as follows : 

3. The porous membrane according to claim 1 , wherein Flux recovery rate ( % ) = J2 / J1x100 . the ionic substituent in the vinyl monomer is a sulfonic acid 
group . 10. The porous membrane according to claim 1 , wherein 

4. The porous membrane according to claim 1 , wherein the modacrylic copolymer has a weight average molecular 
the at least one halogen - containing monomer is at least one weight of from 50,000 to 100,000 . 
selected from the group consisting of vinyl chloride and 11. The method according to claim 6 , wherein the 
vinylidene chloride . modacrylic copolymer has a weight average molecular 

5. The porous membrane according to claim 1 , wherein weight of from 30,000 to 1,500,000 , and 
the porous membrane has a shape selected from the group wherein 
consisting of a hollow fiber shape , a flat membrane shape , a a flux recovery rate of the porous membrane is at least 
spiral shape , a pleated shape , and a tubular shape . 85 % , wherein the flux recovery rate is determined as 

6. A method for producing the porous membrane , the follows : 
method comprising : an aqueous solution of 1000 ppm sodium humate is 

preparing a modacrylic copolymer solution by dissolving allowed to pass through the porous membrane at an 
a modacrylic copolymer in a solvent ; and initial flux J. of 200 L / m².h for 1 hour , and 

forming a porous membrane comprising the modacrylic a flux J2 in L / m².h of the aqueous solution after back 
copolymer by bringing the modacrylic copolymer solu- washing is measured and the flux recovery rate is 
tion into contact with a non - solvent for the modacrylic calculated as follows : 
copolymer such that the modacrylic copolymer solu Flux recovery rate ( % ) = J2 / J1x100 . 
tion is solidified , 

wherein the modacrylic copolymer comprises , with 12. The method according to claim 6 , wherein the solvent 
respect to 100 parts by mass of all structural units is at least one selected from the group consisting of a ketone , 
constituting the modacrylic copolymer : sulfoxide , dimethylformamide , and dimethylacetamine , and 

30 to 60 parts by mass of a structural unit derived from 55 wherein a content of the modacrylic copolymer in the 
solvent is from 5 mass % to 30 mass % . acrylonitrile ; 

30 to 69.5 parts by mass of a structural unit derived from 13. The method according to claim 6 , wherein the non 
at least one halogen - containing monomer selected from solvent does not dissolve the modacrylic copolymer and is 

miscible with the solvent . the group consisting of vinyl halide and vinylidene 
halide , and 
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